Preparation of β-morpholino propionic acid and related compounds by Giella, Mario
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Dissertations and Theses (pre-1964)
1939
Preparation of β-morpholino
propionic acid and related
compounds
https://hdl.handle.net/2144/5176
Boston University
BOSTON UNIVERSITY 
GRADUATE SCHOOL 
Thesis 
PF£ PARATI01~ OF~ - lWRPHOLHIO 
PROPIONIC ACID AND mLAIJED COMPOUHDS 
by 
Mario Giella 
(B.S . , North eastern University, 193?) 
submitted in partial ,ful filrnent of' the 
requirements for the degree of 
Master of Arts 
1939 
FIRST READER 
SESOND READER 
Acknowled~nent 
Opportunity is here taken to express my sincere appreci-
ation to professor J. Philip Mason for his constant and helpful 
advice in furthering the completion of this thesis. 
Index 
Page 
The ProbJ ... enl ••••••••••••••••••••••••••••••••••••••••••••••• 1 
Addition of Morpholine to Methyl Acrylate. Preparation 
of :Methyl P.,-4-Morpholine Propionate ••.•• .. ••.••..•••.••••• 2 
The Rate of Reaction between Morpholine and Methyl 
Acrylate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ 
InvestigBti on into the Nature of the Red Crystals Formed 
when lviorpholine and :Methyl Acryla.t e J..:re Mixed •••••••••••••• 6 
Preparation of Methyl (J. -4-Morpholine Propionate 
Hydrochloride. . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . • . . . . . . . . . 8 
The Reaction between Methylf-4-Morpholine Propionate end 
.Amraonia. Preparation of .Anl..'llonitlmf' -4-MorphoJ. ine Propionate. 9 
Reactimj. between Methyl Acrylate and an excess of Mor-
pholine. Preparation of H~ -4-morpholine propionyl) 
1Jrorphol1ne •••• · .•..•.•.••..•..•...................•....•.•• 12 
Preparation of H~-4-rnorphoJ.ine propionyl)Morpholine 
Picrate ..•••...•............ .............................. 14 
Prep~rat1on off-4-morpho+ine Propionic Acid •••••••••••••• 15 
II. BY Hydrolysis of Methyl(?-4-Morpholine Propionate 
with Bar11un Hydroxide •••.•••••••••••••••..••.•.••.••• 1.6 
!-IC/ 
III. ByTreatment of(l -4-:Morpholine Propionic Acid.-\ with 
\Vet Silver Oxide••••••••••••••••••••••••••••••••••••• 19 
IV. From;1-4-Morpholine Propionic Acid Hydrochloride in 
Pyridine-Ivi:ethanol Solution •••••••••.••.••••. .. •...• ., " 20 
Preparation of~ -4-Morpholine Propionic Acid 
Hydrochloride • ..•.••.•...•..............................•••• 21 
Comprehensive Digest of Thesis ••••••••••••••••••••••••••••• 22 
The Problem 
I c. Hl.- c Hl-
\ Morpholine, 0 ,I'IH , is a cyclic, secondary amine, only 
'cH .. ·CH. 
recently available in commercial quantities. It is proposed to 
investigate the reactions of this compound with 0\,~-unsaturated 
carbonyl compounds and the products formed by £,4-addition of 
the amine to these compounds. 
For example, the reaction between morpholine and methyl 
acrylate would give methylf -morpholino propionate, 
1 cl-l._-c~, o 
o 1'1 {'If c fl. c //_ o c 1-1 _:. • This compoun d contains the group-
'crl.,_- ell! J. J. ~ 
ing =N-e-e-c-o- which is believed to be largely responsible for 
the physiological action of alkaloids, viz., coca ine. The lite-
rature contains many references on the use of raorpholine deri-
vative s as drugs (1). 
If time allows it is also proposed to discover industrial 
uses and applications for the compounds prepared. 
(1) a. Some New Local Anesthetics Containing the Morpholine 
Ring, J .H.Gardner and 'E .o.Haenni, J .A1I1 Chem soc, 53, 2965-
2r7.69, (1931). 
b. some New I"ocal · .Anesthetics containing the Morpholine 
Ring, J. H. Gardner, D. V. Clarke, and J. Semb, J Am ehem 
soc, 55, 2999-3000, (1933). 
c. some lifew Local .Anesthetics Containing the Morpholine 
Ring, J. H. Gardner and w. M. Hammel, JAm Chem Soc, 58, 
1 
Addition Of Morpholine To Methyl Acrylate. Preparation of 
Methyl f-4-Morpholine Propi onate. 
The methyl ester of(1-4-morpholine propionic acid was pre-
pared by allowing morpholine to react with Eastman's practical 
methyl acrylate stabilized with hydroquinone to prevent poly-
merization. 
The reaction probably took place through 1,4-addition of 
morpholine to the conjugated system of methyl acrylate, followed 
OH ('II). - c Hl. ' I I 
o 1'/ t"#t!J/=~ -"c 
'c!--1.,-CI-/.."' ,~.. ;r. ;&. 
'Pear r. 
43.5 cc. ( t mole) of morpholine was added to 45 oc. ( -~ mole 
of methyl aorylat e in a 250 co. R. B ,flask. . The temperature rose 
quickly to 120 c. so that the flask had to be immersed in ice-
water to prevent the evaporation of the liquid mixture. The 
mixture turned amber-colored in less than a minute and was deci-
dedly red at the end of two hours of refluxing, using an upright 
water condenser. The reaction mixture was then tranferred to 
a Claisen distilling flask and distilled under 19 mm. of pres-
sure. Cork connections impregnated with collodion were used 
throughout, for it was found that the distillate dissolved some 
evil-smelling compound, probablyna sulfur compound, from the 
. rubber s 'l:;oppers which were first tried. The main fraction 
b•aistdld~ at 119°C., coming over water-white. After two re-
2 
distillations of the main fraction, the 
desiccator for two days. The yield of the thrice-distilled 
ester was 60.7 co. or 65 gr., which is equivalent to a 75% 
yield. 
The ester is soluble in water, alcohol, ether, benzene, 
chloroform, acetone, dioxane, pyridine, and ethyl acetate. 
The specific gravity of the eaten- is 1.073 20/20·. The 
" index of refraction, 1.4572 @ 20 c. The boiling point at 
22 mm. is 124°C., at 67 mm., 154 c., and at atmospheric pres-
, 
sure 230 c. 
A molecular weight determination by the freezing-point-
lowering method (page ) gave 176.3. The actual molecular 
weight is 173.1, a discrepancy of 1.8%. 
The results of elementary analyses for c, H, and N are 
as follows {pp. ) : 
Calculated 
Found 
c 
55.47% 
53.86% 
H 
8.74% 
8.69,% 8.02-8.13% 
e 
It is suggested that morpholine be added to ethyl acry-
late in order to obtain an ester which would not· hydrolyze to 
give the poisonous methyl alcohol for administration to mice 
and guinea pigs in order to observe its hypnotic and physio-
logical effects, which effeets, it is believed, are possessed 
by this compound, as indicated by the use of similar compounds 
in the literature. 
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Kjeldahl Determination for N in Methylp-4-Morpholine Propionate 
I 
Wgt of sample and tube = 30.1390 
.. " II 
H II II 
Final cc. NaOH 
Init. cc. HaOH 
cc . NaOH 
Calculat ions 
" 
II : 29 e6202 
= 0.5188 
= 20.12 
= 3.92 
= 16.20 
II 
29.5290 
28.9638 
0.5652 
22.25 
9.17 
13.08 
(50x0.0920-16.20x0.1007)(0.014)(100) 
I = 8.02% N 
( 0.5188) 
(50x0.0920-13.08x0.1007)(0.014)(100) 
III 
23.9233 
23.1352 
0.?881 
41.12 
30.58 
10.54 
II = 8.13% N 
(0.5652) 
(60x0.0920-10 . 54x0.1007)(0.014}(100) 
III = 7.92% N ( o. 7881) 
Logari thms 
0.4726 0.5163 0.6497 
8.1461-10 8.1461-10 8.1461-10 
2.0000 2.0000 2.0000 
0.2841 0.2478 0.1034 
10 . 9028-10 10.9102-10 10.9109-10 
Molecular Weight Determination on Methyl~-4-Morpholine 
Propionate by the Fre:ezing-Point-Lowering Method. 
Wgt of benzene and tube= 51.7527 
" " " 
II II = 38.3827 
" " 
II = 13.3700 
Wgt of ester and tube = 58.81.44 
II tt 
" 
fl II 
" 
" " 
= 58.4199 
= 0.3945 
0 
Freezing-Point-Lowering = 0.82 c. 
CalcuJ.ations 
49x0.3945x100 
I 
13.37x0.82 
49x0.7987xlOO 
II 
29.3818x0.85 
Logarithms 
= 176.3 
= 156.7 
1.6902 
9.5960-10 
2.0000 
8.8738-10 
0.0862 
22.2462-20 
72.6198 
43.2380 
29.3818 
40.2121 
39.4134 
0.7987 
0 
0.85 c. 
1.6902 
9.9023-10 
2.0000 
8.5319-10 
0.0706 
22.1941-20 
The Rate of Reaction between Morpholine and Methyl Acrylate 
In order to determine how much time is required for the 
reaction mixture of morpholine and Methyl Acrylate to come to 
equilibrium the following experiment was performed. 
Three mixtures of one-ei~~th mole each of morpholine and 
methyl acrylate were prepared in 100 cc. R B flasks and set 
aside to stand for varying periods of time at the end of which 
each mixture was fractionally distilled under vacuum in order 
to obtain the yield of methyl/3 -4-morpholine propionate. 
Time Standing Yield in Grams Percent 
1 • one nay 18. 2 gr. 84. 2% 
2. 
3. 
One week 
Ten Days 
18.2 gr. 
18.2 gr. 
84.2.% 
84.2% 
This experiment demonstrates that the reaction is as 
complete as possible after the reaction mixture stands for one 
day and perhaps l~ss. Undoubtedly refluxing for one hour 
would also yield equilibrium conditions although this has not 
been tried. 
In order to determine the effect of solvent on yield an-
other experiment was tried. Three mixtures were prepared of 
one-eighth mole each of morpholine and methyl acrylate, one 
of which contained 100 cc. of ethanol as a sol vent, the other 
100 cc. of methanol as a solvent, and the third no solvent, 
being merely used as control. These were allowed to stand a 
week and then were fractionally distilled under vacuum to 
4 
obtain the yield of methyl -4-morpholine propionate a s b efo re . 
The yield of thrice distilled est er whi ch di still ed at 119 c. 
at 19 mm. of pressure in each case: 
solvent Yield in Grazns Percent 
1. Methanol 16.2 75 
2. :Ethanol 17.1 79 
3. None 18.2 84 
Thi s experiment demonstrates that the rate of reaction in 
ethanol is slightly greater than in methanol and that neither 
mixture had attained equilibrium after standing for one week. 
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Investigation into the Nature of the Red -crystals Formed when 
Morpholine and uethyl Acrylate are Mixed. 
Whenever morpholine and methyl acrylate are mixed, whether 
in the presence of a solvent or not. the mixture soon turns 
red, and small bunches of short, shiny, red needles are ob-
served at the bottom of the flask. The crystals, filtered thru 
a Gooch funnel, washed with ether and allowed to air dry, melt 
0 
at 232 c. with decomposition. 
Since methyl acrylate contains hydroquinone to stabilize 
it against polymerization, and since hydroquinone is acidic. 
the thought arose that the red needles might be the addition 
product of the acid, hydroquinone, with the base. morpholine. 
In order to determine this, a saturated solution of hydro-
quinone in 100 cc. of ether was made and mixed with 5 cc. of 
morpholine in a 125 cc. flask which was then tigh.tly stoppered 
with a rubber sopper and set aside. The mixture turned red in 
a short time but no red crystals were observed even after 
standing for two weeks. Since the morpholine-methyl acrylate 
reaction mixture in which the red crystals had first been ob-
served had been stoppered with a cork stopper it occurred that 
perhaps the presence of air was essential to the formation or 
the crystals. Accordingly the rubber stopper was loosened and 
the mixture was left exposed to air overnight. The next day 
the characteristic red needles were observed at the bottom of 
the flaskl 
6 
The few cc. of evaporated ether were replaced and the 
crystals were filtered, washed with ether and air-dried as be-
fore. The meting point of the red needles prepared in this 
0 
manner is 232 c., which exactly checks the melting point of the 
original red needles. Thus the two are probably identical. 
In order to detenaine the lenghth of time for the red 
crystals to form when a morpholine-hydroquinone mixture is left 
exposed to air as soon as mixed, another such solution was pre-
pared. The red crystals appeared after the solution had been 
left standing only one half hour. Thus it would appear that 
air is necessary for their formation. 
Elementary analyses for C, H, and N gave the following 
results: 
Nitrogen-9.30, 9.30 
Carbon 
Hydrogen-
These results do not check with the calculated amotmts 
of C, H, and N in morpholine-hydroquinone 
,c.H.._-cH._, 
Hoc::>oh'· l-IlY / o 
' c H._ - CH._ 
which contains 60.88% C, 7.61% H, and 7.11% N. 
The red color of th.e crystals d:s probably due to the 
quinoid linkage frora. the air oxida.tion of hydroquinone. 
? 
Preparation of the Hydrochloride Derivative of Methyl p-4-Mor-
phoJ. ine Propionate. 
In order to prepare an easily made and identifiable 
derivative of methylp-4-morpholine propionate, 1 cc. of the 
ester was dissolved in 50 cc. of ether in a tall test tube 
and a current of dry, gaseous hydrogen chloride was bubbled 
t h r ough the solution; a white precipitate formed immediately 
and settled out at the bottom of the tube. The precipitate 
was f i ltered and the filtrate saturated with more hydrogen 
chloride gas wher eupon some more precipitate formed. This 
process was repeated until there was no further precipitate. 
The c ombined precipitates were washed with ether, dried in th 
oven at 105 c., and placed in the desiccator overnight. The 
yield of methyl;1-4-morpholine propionate hydrochloride pre-
pared in this manner was 1 gram, or 84% of the theoretical. 
0 
The white crystals melt at 198.8 c. 
Elementary analyses for Hi trogen and Chlorine gave the 
following results: 
Nitrogen 
Calculated 
Found 6.58-6.60% 
Chlorine 
16.92.% 
17.07-17.07% 
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Gravimetric Determination of Cl in Methylp -4-Morpholine 
Propionate Hydrochloride. 
Vlgt of sample and tube= 16.8831 17.2171 16.3395 
" " " " 
.. 
= 15.8289 16.3395 15.4267 
II n fl 
= 1.0542 0.8776 0.9128 
Wgt of .AgCl and crucible=l7.2011 18.3000 19.7435 
" 
.. fl =16.4735 17.6939 19.1136 
" " " = 
0.7276 0.6061 0.6299 
Calculations 
0.7276x35.46xl00 
I = 17.07% Cl 
143.34xl.0542 
0.606lx35.46xlOO 
II = 17 .08% Cl 
143.34x0.8?76 
0.6299x35 .46x100 
III = 1?.07% Cl 
143.34x0.9128 
Logarithms 
9.8619-10 9.7825-10 9.7993-10 
1.5497 1.5497 1.5497 
2.0000 2.0000 2.0000 
7.8437-iO ?.8437-10 7.8437-10 
9.9771-10 0.0567 0.0396 
31.2324-30 21.2319-20 21.2322-20 
Kjeldahl DeteJ."'Dina.tion for H in Methylp -4-:Morpholine 
Propi onate Hydrochloride. 
Wgt of sample add tube = 11.?008 
II II II 
11 II II 
Final cc. lifaOH 
Init. cc. NaOH 
cc. l~aOH 
Calculations 
II II = 11.1821 
= 0.518? 
= :36.9? 
= 15.56 
= 21.41 
I 
II 
(50x0.0920-21.4lx0.100?)(6.014)(100) 
(0.5187) 
(50x0.0920-20.16xO.lOO?)(Q.I)l4)(100) 
(0.5468) 
Logaritluns 
0.3881 
8.1461-10 
2.0000 
0.2852 
10.8194-10 
11.1820 
10.6352 
0.5468 
34.58 
14.42 
20.16 
= 6.60% N 
= 6 .58,% N 
0.4099 
' 8.1461-10 
2.0000 
0.2622 
10.8182-10 
The Reaction between Methyl,/1-4-morpholine Propionate and 
Ammonia. Preparation of .Ammonium,~.? -4-morpholine Propionate. 
In order to attempt the synthesis of./.1-4-morpholine 
propionamide, 10 cc. (10.? grams) of methyljl-4-morpholine 
propionate was dissolved in 50 cc. of 28% ammonia in a 250 cc. 
'Erlenmeyer flask which was then tightly stoppered and set 
aside. It was realized that the water present in the reaction 
mixture might cause the amide to hydrolyze, if formed: 
1 c..!~- c~ '\ , J H~o 
0 /'/ c /~ '.h';_ c / /.V,..t{ 
'c ~- c~/ 
After standing at room temperature for a week, the mix-
ture was evaporated down to 10 cc. on the water bath, and 
then removed and allowed to cool to room temperature. \~ite 
crystals formed, whi ch were filtered, washed with ether, 
and air-dried for two days. The yield of crystals was 8 
grams, equivalent to ?4.1%. 0 The melting point is 93 c. 
"Elementary analyses gave t h e following results: 
Carbon Hydrogen Hitrogen 
Calc•d. for Amide 
Calc'd. for 
.Ammonium Salt 47.?1;.~ 15 . 91}; 
Found 15.88-16 .04% 
Therefo:ea the white crystals f'ormed t h rough the reaction 
between arnra.onta water and methyl -4-morpholine p r opionate 
9 
are undoubtedly the ammonium salt of~ -4-morpholine propionic 
acid. 
When considering this experiment it was thought that 
the format ion of the armnonium salt from the amide miP-;ht have 
taken place due to the slow method of evaporating off t h e 
water from. the react ion mixture on the steam bath, thus 
giving time for hydrolysis to take place. Accordingly an-
other reaction mixture of anunonia and ester was prepared and 
allowed to react. At the end of a week the water was evapo-
rated rapidly ove1~ a gas flame. \':!hen the residual liquor 
• 
was cooled white crystals formed. These melted at 93 c. and 
thus were also crystals of the ammonium salt. "Evidently 
hydrolysis of~ -4-morpholine propionamide to ammonium(?. -4-mor-
pholine propionate takes place readily in water solution. 
An att a:mpt was th:ePefore made to react the ester with 
ammonia u.nder anhydrous conditions. 10 cc. of the ester was 
dissolved in 100 cc • . of dry ether, in which ammonia is fairly 
soluble. The ammonia gas was generated by the reaction be-
tween annnonium chloride and sodium hydroxide, and dri ed by 
passing it through calcium chloride tubes. The ester-ether 
mixture was cooled in an ice bath while it was being s a turate 
with the dry ammonia gas. Vih en the mixture was considered 
saturat ed it was securely stoppered and set aside in a cool 
spot. Two weeks later the flask was cooled, opened, and the 
mixture evaporated down over a flame. 9 cc. of a liquid was 
~ 
left behind which distilled at 230 c. and possessed the other 
10 
edly unreacted ester. This experiment demonstrated that these 
condit ions were unsuitable to the formation of the amide. It 
is here suggested that t h e ester might be r e;::lCt ed w:i. tlr.!: liquid 
a~nonia, although it has not been tried in this laboratory. 
Dry distillation o:t' the ammonium salt caused much ammonia 
to be evolved and leaving a residue behind. This was probably 
(l -4-morpholine propionic acid although no attempt was made to 
identify it. 
11 
Kjeldahl Determination for N in .Ammonium(3 -4-Morphol ine 
Propionate. 
Wgt of sample and tube = 
II 11 II 
" 
II 
= 
II II II 
= 
Final cc. HaOH = 
!nit. cc. JraOH = 
" 
II 
= 
Calculations 
I 
17.9976 
17.4395 
. 0.5581 
5.95 
0.28 
5.67 
17 .. 4392 
17.0452 
0.3940 
29.90 
6.19 
23.71 
= 15.88% N 
(75x0.0920-5.67x0.1007)(0.014)(100) 
( 0.5581) 
(75x0.0920-23.7lx0.1007)(0.014)(100) 
II = 16.04% N 
(0.3940) 
Logari thn1s 
0.8014 
8.1461-10 
2.0000 
0.2533 
11.2008-10 
0.6547 
8.1461-10 
2.0000 
0.4045 
11.2053-10 
Reac'c i on between Methyl Acrylate and an Excess of Morpholine. 
preparation of l{ V'3 -4-morphol ine propionyl )Morpholine. 
It has been s e en that morpholine and methyl acrylate 
react to give methyl p -4-morpholine propionate when they are 
mixed in equivalent proportions. It is now proposed to in-
vestigate whether morpholine used in excess would react with 
t h e ester first formed to yield the substituted amide, 
u~ -4-morpholine p rop i onyl )morpho]. ine: 
c~ o1-1 
t of a mole of methyl acrylate was mixed with t of a 
mole of morpholine in a small flask, and the mixture set 
aside. A week later a small m~ount of the characterist i c, 
short, red needles were observed at t h e bottom of t h e flask. 
1\ro atterapt was made to work with this mixture until f onr 
months later. When, a.t that time, the red react ion mixture 
was filtered in order to remove the red needles, a white 
solid crystallized out on the filter paper as soon a s the 
solution came in contact with it, indicating that the solutio 
had been saturated with the white crystals. The impure 
crysta ls were washed with five portions of ether, or until 
they became pure y;hi te. They were then allowed to air dry 
for two days. The yield of pure crystals was 40 grams, 
12 
13 
equivalent ·co 70% of the -theor et:t ca l. 
Elementary analyses for carbon, Hydrogen, and l'J"i trogen 
gave the f ollowing results: 
carbon , Hyd:cogen Nitrogen 
calculated 57.81% 8.83% 12.30% 
Found 57. 75;'b 8.79.% 12.19% 
These re sults show that the compound is without a doubt 
liT (fo -4-rnorphol ine prop 1 onyl )rnorphol 1 n e. 0 It melts at 92.2 c. 
Kje1dah1 Determination for n in H-Y'l-4-Morphol i n e Propiony1) 
Morpholine. 
VJgt of sample and tube = 
II II II II 
" = 
tl " 
II = 
Final c c. NaOH = 
Init. cc. UaOH = 
cc. HaOH = 
Calculations 
1?.7673 
17.3745 
0.3928 
24.50 
12.75 
11.75 
I 
(50x0.0920-ll.75xO.l007)(0.014){100) 
(0.3928) 
Logarithms 
0.5340 
8.1461-10 
2.0000 
0.4058 
11.0859-10 
= 12 .19% n 
.Analysis of n-r -4-:Morpholine Propionyl)Morpholine for carbon 
and Hydrogen. 
Wgt of sample and boat = 0.6942 
0.6303 II II n II II = 
" 
II n = 0.0639 
Wgt of ascarite tube = 14.9402 
If II II If 
= 14.8049 
It II C02 = 0.1353 
Wgt of perchlorate tube= 12.0050 
II II 
" 
tl 
= 11.9548 
II 
" H20 = 0.0502 
Calculations 
(0.1353)(12)(100) 
I = 5?.?5% c 
(44)(0.0639) 
(0.0502)(2.016){100) 
11 --------------------= 8.?9% H 
(18.02)(0.0639) 
Loga r ithms 
9.1313-10 
1.0792 
2.0000 
8.3565-10 
1.1945 
8 .. ?00?-10 
0.3045 
2.0000 
8. ?442-10 
1.1945 
21.7615-20 20.9439-20 
Preparat ion of the Picrate of U~ -4-morpholine propionyl) 
Morpholine. 
;:.The picrate of the substituted amide was prepared ac-
cording to directions in Shriner and FUson ( ) • One half of 
a grrun of nr -4-morpholine propionyl)morpholine was dissolved 
in 10 cc. of 95,% alcohol and added to a saturated solution of 
picric acid. The solution was heated to boiling and allowed 
to cool slowly. J:t'ine yellow crystals separated out which 
soon settled to a gu.--nmy mass. After stan ding a week it be-
came a solid. This was filtered, dissolved in alcohol, and 
allowed to recrystallize. This time yellow crystals formed 
0 
which remained crystalline. They melt at 129 c. 
( ). Shriner and FUson, "Identification of Organic Coin..-
pounds", 140, John Wiley and Sons, 1935. 
14 
Preparation of (3 -4-Morpholine Propionic Acid . 
~-4-morpholine propionic acid was prepare d by the hydro-
lysis of methyl (J -4-morpholine propionate without the use of a 
catalyst: 
, clf.l-c~, o '"u-cll. 
' HOI( ,._n,_ •' 
0, N C~ C# C: 0 Cf'l.l 0 JYC'~ Clf. C ()bf/ ~ C' 1-/,J OJ! 
• "' 1r _ cH , ,. , a 
'- "· .. c !f.. - c 1-1.:' 
Ten co. (10.73 grams) of the ester was dissolved in forty 
co. of water in a 250 co. round-bottom flask to which was 
attached a. fractionating column fitted with a downward water 
condenser. The mixture was refluxed for four hours at low heat 
until 15 co. of distillate had been collected. A test of the 
distillate for methanol was positive, showing that hydr~lysis 
was taking place. The reaction mixture, which had turned light 
yellow after 10 minutes of heating, was extracted with five 
10 cc. portions of ether and the aqueous solution was evap-
orated down to dryness on the steam bath. "Eight grams of an 
almost-v;hite solid was obtained. The melting point of the acid 
" recrystallized from water is 67 c. On st anding in the desic-
0 
cator for about a week the melting point becomes 125 c. 
Carbon Hydrogen Nitrogen 
Calculated for anhyd. 52.79% 8.29% 8.80% 
Calculated for d1-H20 43.05% 8.76% 7.17% 
D 
Found for EtCid MP 125 8.67% 
0 
43.65% Found for acid 1\l.P 67 
II. BY Hydrolysis of Methy1(3 -4-Morphol i ne Propionate with 
Barium Hydroxide. 
Trial 1:-
Believing that it would be interesting to compare the 
yields of~ -4-morphol ine propionic acid prepared in different 
ways, it was decided to attempt t h e preparation of the acid 
by the alkaline hydrolysis of methyl p -4-mo rpholine propio-
nate: 
/ til,_- ell,_ 1 !Vtll;_ t~ t'tJtJ BO( 
Clf.- tl{ ' 
). ).. 
Ac c ordingly, 5 grams of t h e ester was dissolved in 200 cc 
of water in a r ound-bot tom flask which was then satura ted witri 
ba ritun hydroxide. The flask was fitted with a mercury seal 
st irrer and a water-cooled reflux condenser. The mixture was ! 
heat ed under reflux for two ,hours; 1 t Vias t h en cool ed and 
f i ltered from the excess, unreacted ba rium hydroxide. The 
0 filtrat e wa s heated to 60 C., transferred to a liter beaker, 
and 0.1 normal sulfuric acid wa s slowly added from a burette 
in order to convert t h e barhun salt to th e free acid: 
r 
Cfl_ - (1/l. I ] 5 0 e.H .. - c..H .. , . 
o' ~ IYCf/. tlf COtJ B Cl H"" '+ 2 o' IY e ll .. CI-t.._ c o 0 H 
\ I J Z., \ I 
c !1. -Cl(_ CH .. - C 1- + B ex '1-
). ~ ~ 
In spite of t h e fact t h at t h e sulfnric acld was added 
very slowly, with stirring, the ba ri1un sulfa te precipitate 
was v ery fine, probably due to th e fact t h at it wa s precipi-
tated in alkaline medium. Addit ion of the acid was continued ; 
16 
until the solut1on b ecame slightly acid to litmus. 
The solut i on containing the precipi te.t e was k ept on the 
steam bath for five hours in order to allow the barium s l.ufate 
precipitate to age and form large crystals readily ada.p_pable 
to filtration. Following the steam bath treatment, the sus-
pens i on \vas left stan ding for two more days for furth er 
ageing. At t h e end of t h e two days only a port i on of t h e 
white precipitate had settled to t h e bottom of t h e b eaker, the 
remalnder being in su spension throughout the sol ut l on. V.'hen 
filtration was att empte,d it was found that the precipitate 
came t h rough even the finest filters. A thick a sbestos mat 
was prepared in a Gooch funnel and the susp ension was fil-tered 
through it. This did not, however, p revent t h e berlum sulfate 
from passing through. 
This imperfectly filtered solution was evapo1·a ted down 
to a small volume and cooled. A viscous light-brown oil wa s 
t he product formed which soon ha rdened to a mass of about the 
consistency of molasses. When ignited, it partially melts 
and burns, leaving much white residue behind. 
The semi-solid was extracted with ether, and the eth er 
ex t ract allowed to evaporate on a watch glass. A snmlJ. amount 
0 
of white crystals were left behind which mel ted at about 70 c. 
Gas eous hydrogen chlo ride was passed thr ough another portion 
of t h e extract and a small amount of a white crystalline soli 
If/ 
was obte.ined which melted at 210 c. Both of t h eses melting 
points t ally with t h ose of the acid and its h ydrochloride 
17 
obtained by water hydrolysis of t h e ester. These facts un-
doubtedly show that the barium hydroxide hydrolysis yielded 
the amino acid in very small clmounts. 
There should be here enumerated the fa1,J.lts of this ex-
periment: 
1. The barium hydroxide octahydrate used was old and 
had been partially or wholly converted to barium ca.rbonat e 
by the atmosphere. Fresh ly prepared barium hydroxide should 
be used in another att empt. 
2. Rapid precipitation of barium sulfate in alkaline 
mediur.a is not conducive to the formation of a readily filter-
able precipitate. 
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III. 
f!CI 
BY Treatment of~ -4-morpholine Propionic Acid" with wet 
Silver Oxide. 
C/-1,-C~ fl 
r 1 r 
0 1Y C~ Cf~ CIJOII 
'1. r \ 
c~-c~ e1 
one gram of (l -4-morpholine propionic acid hydrochloride 
was dissolved in 10 cc. of water and added to a freshly pre-
pared solution of silver oxide. A white precipitate of silver 
chloride formed immediately. This was filtered off and the 
filtrate was sat1.1.rated with hydrogen sulphide in order to rid 
the solution of the remaining silver ions. A black precipitat 
of silver sulphide formed which was filtered off. The filtrat 
was placed on the steam bath and evaporate.d down. A silver 
mirror fox·med on the walls of the flask indicating that the 
organic compound in the solution was acting as a reducing 
agent on the small amount of silver left in solution by the 
hydrogen sulphide. No amino acid was isolated. 
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IV. From(J -4-mo:cpholine Propionic Acid Hydrochloride in 
Pyridine-Methanol Solution 
10 cc. of methanol was saturated withj3 -4-morpholine 
propionic acid hydrochloride , which is quite soluble. and 
the saturated solution was filtered. To the filtrate was 
added 30 cc. of pyridine, and the mixture was stoppred and 
set aside. It was expected that the pyridine would extract 
the hydrogen chloride from the acid hydrochloride and the 
free acid would precipitate out from the methanol-pyrid:i.ne 
solution: 
Ni- C/1.. 1-! 
I J 2. ' 
O /1/e~C/(tDOI-I 
I I C~ - C~ Cl 
After standing for three months no precipitate was ob-
served. 
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Kj eldahl Determination for n in~ -4-Morphol i ne Propionic Acid. 
Wgt of sample and tube = 18.2699 
" 
II 
' 
II II II 
= 17.7725 
fl 
" 
II 
= 0.4974 
Final cc. :NaOH = 16.80 
!nit. cc. NaOH = 1.70 
cc. HaOH = 15.10 
Calcul ations 
I 
(50x0.0920-15.10x0.1007)(0.014)(100) 
(0.4974) 
ogarithms 
0.4886 
8.1461-10 
B.00()Q, 
0.3032 
10.9379-10 
= 8.67% N 
Preparation of the Hydrochloride Derivative otf -4-11 orpholine 
Propionic Acid. 
The hydrochloride of~-4-morpholine propionic acid was 
prepared by the acid hydrolysis of methyl (3 -4-morpholine 
propionate: 
~1/ -~H; , 1-1 
O/ J. ';y (! f1, C!/t;_ e OOH r C 1-/.s OI-l 
'c I{ - el/. 'c 1 ~ ~ 
1 cc. of the ester was mixed with 10 cc. of concen-
trated hydrocl1lor1 c aci d in a 100 cc. beaker and the mixture 
was allowed to evaporate slowly on the steam bath. A white, 
crystalline solid was obtP.ined, which, after being washed 
with ether, recrystal J.ized from water, dried in the oven at 
0 
105 c., R.nd left in the desiccetor overnis;ht, melts at 210 c. 
The yield was 0.95 grams, equivalent to 85~ of the theoretical 
E lernentary analyses for Nitrogen and Chlorine are as 
follows: 
Nitrogen Chlorine 
Calculat ed 7 16
'" -
• ; :J 1 8 .14~!b 
7.00-7.18% 18.03-18.16% 
2l 
Gravimetric Determination of C1 in (3 -4-Morpholine Propionic 
Acid Hydrochloride. 
Wgt of srunp1e and tube= 17.5994 
II 11 
II 
" 
II II 
" 
n = 16.2701 
= 1.3293 
Wgt of AgC1 and cruc. = 17.4029 
fl II II 
II II II 
Calculations 
0.9748x35.46x100 
I 
143.34xl.3293 
o.4680x35.46xl00 
II 
143.34x0.6423 
0.6665x35.46xl00 
III 
143.34x0.9148 
Logarithms 
= 16.4281 
= 0.9748 
= 18.16% C1 
= 18.03% C1 
- 18.03% C1 
9.9890-10 
1.5497 
2.0000 
7.8438-10 
9.876&-10 
31.2590-30 
16.8131 
16.1708 
0.6423 
18.6030 
18.1350 
0.4680 
9.6702-10 
1.5497 
2.0000 
7.8438-10 
0.1923 
21.2560-20 
16.1708 
15 .2560 
0.9148 
18.3462 
17.6797 
0.6665 
9.8238-10 
1.5497 
2.0000 
7.8438-10 
0.0388 
21.2561-20 
Kj el dahl Det ermLnation for H in -4-Morpholdne Propionic Acid 
Hydrochloride. 
Wgt of sample And tube = 15.3639 
H II H II fl : 14 e 7 813 
fl " 
n 
Final cc. NaOH 
Init. cc. NaOH 
cc. IfaOH 
Calculations 
= 0.5826 
= 28.20 
= 11.45 
= 16.75 
12.3?02 
11.8269 
0.5433 
33.31 
9.52 
23.?9 
I 
(5Qx0.0920-16.?5xO.l007)(0.014)(100) 
(0.5826) 
= 7 .OO% lif 
II 
(50xO.l080-23 . 79xO . l098)(0.014)(100) 
(0.5433) 
= 7.18% N 
Logarithms 
0.4645 
8.1461-10 
2.0000 
0.234? 
10.234?-10 
0.4448 
8,1461-10 
2.0000 
0.2650 
10.2650-10 
Comprehensive Digest of Thesis. 
It has been fo t.md that morpholine behaves like e. typical 
secondary amine insofar es addition to unsaturated carbonyl 
compounds is concerned. It adds readily to methyl acrylate 
to form the ester of~-4-morpholine propionic acid. Origi-
nally it was intended to prepare a series of esters con-
taining the morpholine ring by analogous reactions, but so 
much time was spent in preparing, purifying, and id entifying 
the ester that this idea was not fulfilled. 
The main accomplishment of thi ,s thesis has been to add 
to the long list of organic compounds the following nitrogen-
containing compounds: 
1. Methyl~ -4-mcrpholine propionate 
2. It fl II hydrochloride 
3. (3 -4-morpholine propionic acid 
4. II II II hydr ochloride 
5. P~~onium ~-4-morpholine propionate 
6. N(~-4-morpholine propionyl)morpholine 
7. picrat e 
I t ~.s felt, from evidence in the literature, that at 
1 east some of the compounds prepared should pos s ess physiolo-
gical ectivity. 
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